Objective: How family environment and parental factors affect health status and symptoms in childhood cancer survivors is understudied. We examined the influence of family cohesion, parent distress, and overprotection on child symptom burden and health-related quality of life (HRQOL) and family strain in survivors of childhood acute lymphoblastic leukemia. Conclusions: Family and parental factors contributed to health outcomes of childhood acute lymphoblastic leukemia survivors. Interventions to enhance family cohesion, decrease parental distress and overprotection, and ameliorate child symptoms may improve family functioning.
studies have examined how child, parental, and family factors influence health outcomes of childhood cancer survivors in a systematic manner.
Investigating health outcomes and family adjustment among pediatric cancer survivors can be conceptualized by the social-ecology model, 6 which articulates that a child's well-being is dependent on the surrounding environment in addition to personal factors (eg, age, treatment exposure, etc). This theory specifically places a child in the center of the model, with concentric circles representing the influence of parental (eg, parenting style and distress), familial (eg, cohesion), and community/societal (eg, health-care system) factors drawn outward from the most immediate to more distal levels of influence. Health impacts of ecological factors have been well articulated in general pediatrics but not in cancer survivorship. For more distal factors, evidence suggests that children with cancer living in families of low expressiveness (ie, poor communication), low cohesion (ie, poor emotional bonding), or high conflict are likely to develop somatization (eg, pain, headache, fatigue, etc) as part of internalizing/externalizing behavioral problems. 5, 7 Maintaining a cohesive family environment may prevent children with cancer as well as parents/caregivers from developing emotional disorders. 8 Parental factors, including parenting style and psychological states, are key elements of ecological systems influencing a child's socialization, psychological development, and health status. A recent review study reported that 10% to 44% of parents and 0% to 13% of pediatric patients had severe posttraumatic-stress symptoms during/after cancer treatments 9 ; high parental and pediatric posttraumatic stress placed children at risk of symptom burden, typically emotional distress and somatization. 10, 11 When caring for children with cancer, parents may adopt a protective or indulgent strategy in response to perceived health vulnerability. 12 In fact, after a diagnosis of leukemia, 30% to 40% of parents used preventive-focused parenting strategy with pessimistic communication and restraints on the child's activities. 13 However, parental overprotection has been linked to anxiety, 14 depression, 15 posttraumatic stress syndrome, 16 impulsive behaviors, 12 and poor health-related quality of life (HRQOL) 13 in children.
Previous childhood cancer research has demonstrated pairwise associations between treatment, family environment, parenting style, parental emotional distress, child health status, and family strain. For example, it is evident that parental stress is a predictor of functional impairment in childhood cancer survivors. 17 Low cohesion and higher control within the family are associated with elevated internalizing problems in children with leukemia. 18 In addition, family environment mediates associations between parental distress and children's adjustment to cancer. 19 Nevertheless, the complex interplay among clinical factors and parental behaviors within the family system remains unknown. This is a considerable limitation because without applying an ecological framework and advanced analytic methods (eg, path analysis) to elucidate these complex relationships, clinicians may not identify opportunities to improve health and family outcomes. This study aimed to investigate the influence of family and parental factors on children's health outcomes and family strain in survivors of childhood ALL, with attention given to identifying potential mechanisms ( Figure 1 ). We hypothesized that low family cohesion would be associated with parent emotional distress and overprotective behavior.
This distress and overprotection would place a child at risk of lower HRQOL, through higher symptom burden, especially somatic symptoms. Further, adverse family/parental factors and lower HRQOL would be associated with more family stress. 2 This is a cross-sectional study through which we actively recruited all eligible patients for the study participation. For those survivors who were attending annual visits, we coordinated the research appointments with their visit. However, for those not attending annual visits, we scheduled appointments for specific campus visits per their FIGURE 1 Associations of family and parental factors with child symptom burden, health-related quality of life (HRQOL), and family strain preference. To be eligible, parents must have been a primary guardian of a cancer survivor who was at least 5 years from diagnosis and 
| Measures
The Family Environment Scale, a 90-item questionnaire, was included to assess environmental characteristics of the family. 20 A 9-item family cohesion subscale was used to evaluate the degree of commitment, help, and support that family members provided to each other. Items were rated using a true/false response scale. Mean item scores of the subscale were calculated, with higher scores indicating lower levels of family cohesion.
The Brief Symptom Inventory-18 was used to measure parental emotional distress. 21 This scale contains 18 items assessing 3 aspects of distress (anxiety, depression, and somatization) with 6 items on each subscale. Items were rated using a 5-point Likert scale ranging from "1 = not at all" to "5 = extremely." Mean item scores of individual subscales were calculated and transformed to sex-specific T scores, with higher scores indicating greater distress. Global distress scores calculated from the mean subscale scores were used.
Parental protective behavior was measured using the Parent Protection Scale. 22 This scale contains 25 items assessing 4 overprotection domains (supervision, separation problems, dependence, and control). Items were rated using a 4-point Likert scale ranging from "0 = never" to "3 = always." Mean item scores were calculated, with higher scores indicating higher levels of parental protective behavior. 24 and our childhood survivorship publication 25 suggest that symptom burden is a key determinant of HRQOL deficits. Items were rated using a 5-point Likert scale ranging from "0 = never" to "4 = almost always." Per scoring instruction, the overall symptom scores were calculated based on the mean subscale scores. Higher scores indicate higher symptom burden.
The proxy-version of the PedsQL-Generic Core Module version 4 26 was used to measure child HRQOL (ie, whether disease/treatment influences one's daily activities). Pediatric Quality of Life InventoryGeneric contains 23 items assessing 4 domains: physical, emotional, social, and school functioning. Items were rated using a 5-point Likert scale ranging from "0 = never" to "4 = almost always." Per scoring instruction, the overall HRQOL scores were calculated based on the mean subscale scores. Higher scores indicate higher HRQOL.
The Impact on Family Scale was used to measure family strain. 27 This scale contains 33 items assessing 4 family impact domains: financial burden, familial/social impact, personal strain, and mastery. Items were rated using a 4-point Likert scale ranging from "1 = strongly agree" to "4 = strongly disagree." Per scoring instruction, mean scores of 24 selected items with valid measurement properties were calculated, with higher scores indicating higher family strain.
| Statistical analysis
Pearson's correlation coefficients were examined for associations 3 | RESULTS
| Characteristics of survivors and parents
The majority of survivors were male (51.2%) and non-Hispanic White (73.7%; Table 1 ). The mean ages at diagnosis and evaluation were 6.6 (SD 4.5) and 14.3 (SD 4.8) years, respectively. More than 42% of survivors received standard-/high-risk treatment. The mean years of maternal education was 13.7 (SD 2.6) years.
| Intercorrelations among variables
Lower family cohesion, higher parental emotional distress, and excessive parental protective behavior were significantly associated with more child symptom burden, poorer child HRQOL, and higher family strain ( Table 2 ). Collinearity among variables can limit interpretation of path analyses; though given only moderate correlations among variables of interest, collinearity is less of a concern in the present analysis. Figure 1 and Table 3 .
Results suggest that parental emotional distress was the most significant factor directly and indirectly related to family strain (total effect β = 0.28, 95% CI, 0.14-0.41; P < .001; Table 3 ). Specifically, parental distress was associated with family strain through the mechanisms of higher protective behavior, more child symptom burden, and poorer child HRQOL (indirect effect: 32.1% of the total effect; Table 3 ).
Excessive parental protective behavior was the second most significant factor directly and indirectly associated with family strain (total effect β = 0.26, 95% CI, 0.10-0.40; P = .001; direct effect: 85.7%
of total effect; Table 3 ). Child symptom burden was the most significant factor directly alone associated with poor HRQOL of survivors (total effect β = 0.66, 95% CI, 0.57-0.75; P < .001; direct effect:
100% of total effect; Table 3 ). Parental distress was the second most significant factor indirectly alone associated with poor HRQOL of survivors through the mechanism of child symptoms (total effect β = 0.23, 95% CI, 0.14-0.32; P < .001; indirect effect: 100% of total effect; Table 3 ). Additionally, parental distress was the most significant factor directly and indirectly associated with child symptoms (total effect β = 0.35, 95% CI, 0.20-0.45; P < .001; direct effect:
88.6% of total effect; Table 3 ) and directly associated with parental protective behavior (total effect β = 0.23, 95% CI, 0.11-0.35; P < .001; Figure 1 ). Low family cohesion was directly alone associated with parental distress (total effect β = 0.19, 95% CI, 0.03-0.34; P = .02; Figure 1 ). Compared with the primary model, fit indices of 2 alternative models (particularly alternative model 2) were reasonable; however, associations between parental distress and family cohesion and between symptom burden and overprotection became not significant (Table S1a and S1b). Table 3 ), and family strain (total effect β = −0.15, 95% CI, −0.23 to −0.08; P < .001; Table 3 ).
Younger age at evaluation was related to excessive protective behavior (total effect β = −0.47, 95% CI, −0.59 to −0.31; P < .001). Receiving more intensive chemotherapy in the standard-/high-risk arm versus the low-risk arm was related to more child symptom burden (total effect β = 0.24, 95% CI, 0.11-0.36; P < .001; Table 3 ). Tables 2 and 3 and Supporting Information tables). Health-related quality of life and family cohesion of our samples were comparable with that of healthy samples, 20, 33 suggesting psychological resilience. However, family strain of our samples was higher than healthy ones, 34 and 16% of our parents had clinically meaningful global distress. 21 Parental distress can be elevated if survivors are treated in facilities that require the family to relocate, because of difficulty of transition, a reduction in social support, job stress, etc. 35, 36 Per scoring instructions, 22 22% of our parents engaged in overprotective behavior, which is equivalent type-I diabetic children who require regular blood sugar monitoring. 37 Nevertheless, we found that parental overprotective behavior was indeed associated with higher child symptoms and poorer HRQOL. Overprotection may be counterproductive following therapy completion because it can prevent children from achieving independence and autonomy. Future research is warranted to explore the effects of specific developmentally appropriate parenting strategies on outcomes of childhood cancer survivors.
Both parental emotional distress and overprotection had a stronger association with more child health status. Specifically, more parental distress and/or overprotective style were associated with more nausea, procedure anxiety, treatment procedures, perceived cognitive problems, physical appearance problems, and communication problems (Table S2a- 
| Study limitations
This study has several limitations. First, study samples were recruited from a single pediatric cancer center, which may limit generalizability.
Second, parental emotional distress, child symptoms, and HRQOL were reported by parents. When survivors undertook an on-campus medical evaluation (6-8 hours per day), we invited parents to participate in a survey. We did not ask children to complete the survey to avoid the burden of research participation. Therefore, associations of parental distress with child symptoms and HRQOL may be overestimated. Third, parental distress and protective behavior were collected from one parent, and the majority of the participating parents were mothers. There is evidence that fathers with better mental health may buffer the influence of mothers' poorer mental health on children's emotional and behavior problems. 38 In addition, we did not collect detailed sociodemographic data (eg, marital status, family income, etc) from parents, which may confound associations among variables of interest. Finally, as mentioned previously, the use of cross-sectional design precludes the conclusion of temporal or causal relations among the family, parental, and child variables. It is possible that premorbid factors such as child and parental psychiatric history, overprotective parenting behaviors, family dynamics, and socioeconomic status may affect psychosocial adjustment and health outcomes of childhood cancer survivors. 39, 40 Although a collection of aforementioned premorbid data may be challenging during the acute therapeutic stage, the use of social worker notes or a brief screening tool to collect these risk factors may be a practical solution. Future studies utilizing a longitudinal framework to collect premorbid and postmorbid data and performing interventional designs are warranted to affirm temporal or causal relations.
| Clinical implications
This study lays the ground work for clinical practice. Given the influence of family cohesion and parental factors (eg, protective behavior, emotional distress, and education), initial assessment for family cohe- 
